Cellular Cleavage and Polyadenylation Specificity Factor 6 (CPSF6) Mediates Nuclear Import of Human Bocavirus 1 NP1 Protein and Modulates Viral Capsid Protein Expression.
Human bocavirus 1 (HBoV1), belonging to the genus Bocaparvovirus of the Parvoviridae family, causes acute respiratory tract infections in young children. In vitro, HBoV1 infects polarized primary human airway epithelium (HAE) cultured at an air-liquid interface (HAE-ALI). HBoV1 encodes a small nonstructural protein, nuclear protein 1 (NP1), that plays an essential role in the maturation of capsid proteins (VP)-encoding mRNAs and viral DNA replication. In this study, we determined the broad interactome of NP1 using the proximity-dependent biotin identification (BioID) assay combined with mass spectrometry (MS). We confirmed two host mRNA processing factors DEAH-box helicase 15 (DHX15) and cleavage and polyadenylation specificity factor 6 (CPSF6, aka CFlm68), a subunit of the cleavage factor Im complex (CFlm), interact with HBoV1 NP1 independent of any DNA or mRNAs. Knockdown of CPSF6 significantly decreased capsid protein expression but not that of DHX15. We further demonstrated that NP1 directly interacts with CPSF6 in vitro and colocalizes within the virus replication centers. Importantly, we revealed a novel role of CPSF6 in nuclear import of NP1, in addition to the critical role of CPSF6 in NP1-facilitated maturation of VP-encoding mRNAs. Thus, our study suggests that CPSF6 interacts with NP1 to escort NP1 imported into the nucleus for its function in the modulation of viral mRNA processing and viral DNA replication.IMPORTANCE Human bocavirus 1 (HBoV1) is one of the significant pathogens to cause acute respiratory tract infections in young children worldwide. HBoV1 encodes a small nonstructural protein NP1 that plays an important role in maturation of viral mRNAs encoding capsid proteins as well as in viral DNA replication. Here, we identified a critical host factor CPSF6 that directly interacts with NP1, mediates nuclear import of NP1, and plays a role in maturation of capsid proteins-encoding mRNAs in the nucleus. The identification of the direct interaction between viral NP1 and host CPSF6 provides new insights into the mechanism how a viral small nonstructural protein facilitates the multiple regulations of viral gene expression and replication, and reveals a novel target for potent anti-viral drug development.